Diabetes mellitus affects > 180 million individuals worldwide (1) . Type 2 diabetes is characterised by impaired insulin secretion from pancreatic b-cells and increased insulin resistance in peripheral tissues resulting in hyperglycaemia. Long-term exposure to high glucose concentrations has been shown to cause pancreatic b-cell apoptosis (2) , impaired insulin secretion (3) and impaired mitochondrial function (4, 5) . The resulting glucotoxicity is thought to be a contributing factor to the deterioration of pancreatic b-cell function and mass, which leads to progression of the disease. The current study used the novel approach of combining flux analysis and metabolomic profiling to investigate the effects of high glucose levels on metabolic pathways and thus enhance the understanding of the mechanisms of glucotoxicity.
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BRIN-BD11 cells were cultured for 20 h with 11.1 or 25 mM-glucose. Following treatment cells were incubated in 1.1 mM-glucose for 20 min and then stimulated with 14 mM-glucose for 1 h. Metabolic extracts of the cells were then prepared and 1 H NMR spectra were obtained. Glucose uptake and insulin secretion were determined from the media. Flux studies were performed under similar conditions using [U-
13 C]glucose and 13 C NMR spectra were obtained. Following prolonged exposure to 25 mM-glucose there was a significant decrease in glucose-stimulated insulin secretion (ng/mg protein) from 35.1 (SD 1.2) to 29.5 (SD 2.5; P < 0.03) and a significant decrease in glucose uptake (mmol/mg protein) from 37.7 (SD 4.9) to 32.6 (SD 4.8; P < 0.05), indicating mild glucotoxicity. Principle component analysis of the 1 H NMR spectra showed a distinct separation between the high-glucose-treated group and the control group (11.1 mM-glucose). Preliminary interrogation of the corresponding loadings plot identified alanine and aspartate as being decreased and g-aminobutyric acid and glycine as being increased in the high-glucose-treated group. Previous studies have shown that alanine has a potentiating effect on glucose-stimulated insulin secretion and undergoes substantial metabolism in BRIN-BD11 b-cells (6) , whereas g-aminobutyric acid production has been associated with a negative effect on insulin secretion (7) . Flux analysis of the 13 C NMR spectra showed that following prolonged exposure to high glucose levels the amount of 13 C label at glutamate C4 decreased significantly from 33.8 nmol/mg protein to 27.7 nmol/mg protein (P < 0.05) and the percentage acetylCoA that was labelled also decreased. These changes are indicative of a reduction in flux through pyruvate dehydrogenase into the TCA cycle.
Overall, these results show that exposure to high glucose levels cause changes in metabolic flux into the TCA cycle and production of certain key amino acids. The novel combination of metabolic flux and metabolomic analyses gives an enhanced understanding of the underlying mechanisms of glucotoxicity. Future experiments will be directed at expanding this knowledge further and investigating the effects of a combination of high glucose and high lipid exposure.
